SUMMARY The role of frog-skin angiotensin II (All) in amphibia was studied by comparing the sodium and water permeability effects of three angiotensins (All): frog skin (Ala-Pro- Van-All). Frog-skin All increased the short-circuit current (SGC) significantly after it was added to the dermal side of the isolated skin of the South American frogs, Leptodactylus chaquensis and ocellatus, and the toad, Bufo arenarum, in concentrations of 10~* M. In frogs, the effect was significant at 15 minutes and reached 45% over control after 2Vi hours. The effect cannot be achieved with concentrations lower than 10~7M. Since amiloride (10~4 M) blocked the SCC response, and absence of chloride in the bathing fluid did not, the effect is probably dependent on sodium transport. Human AH (10"' M) produced a similar response in summer frogs that had been treated with 0.1% NaCI for 14 days. Goosefish AH was ineffective at similar concentrations, and none of the angiotensins modified SCC in the toad bladder. Hydrosmotic effects could be achieved with the three angiotensins, the response being dependent on seasonal and species factors but always considerably lower than that of the neurohypophyseal peptides. Vascular reactivity of the isolated frog hind limbs was compared by dose-response curves. Potency ratios on a molar basis against frog-skin AH was 1.136 for human All and 1.193 for goosefish All. The results show that the effects of the angiotensins differ in both the response of SCC to frog-skin angiotensin and its higher vascular effects. 3 Hormonal reactivity of amphibian membranes is dependent on seasonal 4 " 6 and species factors; 7
A MPHIBIAN skin is a functional model of the mammalian distal nephron, 1 and it plays an important role in sodium 2 and water metabolism in these animals. 3 Hormonal reactivity of amphibian membranes is dependent on seasonal 4 " 6 and species factors; 7 •* the latter relates, in turn, to the aquatic, terrestrial, or arborean habitats of the amphibia.
Evidence of a goosefish angiotensin II ([Asn'-Val 5 ]-AII) effect on sodium transport 9 l0 and osmotic water permeability 10 (Posm) have been previously reported in amphibia.
Frog-skin angiotensin II (Ala-Pro-Gly-[Ile ]-AII) is a new peptide of the angiotensin family found in the skin of the Australian frog Crinia georgiana u and recently synthetized. 12 This analog found in frog skin is structurally different from the All in the frog plasma and it has been suggested that it may play a role in functions of this tissue. 12 The purpose of the present work is to compare the effects of frog-skin AH, Japanese goosefish All, and human AH ([Asp'-Ile 3 ]-AII) in short-circuit current (SCC), Posm, and vascular reactivity in frogs and toads.
Methods
South American frogs {Leptodactylus chaquensis and ocellatus) and toads {Bufo arenarum) of both sexes were used. After pithing, the abdominal skin, bladders, or hindlegs were used. Short Circuit Current SCC was measured by the conventional technique of Ussing and Zerahn 13 in lucite chambers with a surface of 3.14 cm 2 for the isolated skin and of 1.86 cm 2 for the toad bladder. When the skin was used, two pieces of symmetrical pelvjc skin (ventral posterior region near the hindlegs) 7 were mounted as a flat sheet and bathed with 3 ml of isotonic Ringer's solution on both sides. When bladders were used, each hemibladder was mounted in one chamber. In this way, a control membrane could be obtained throughout the experiment (paired control half). The preparation was kept shortcircuited continuously with an automatic-voltage clamp device that opened the circuit, enabling the measuring of the potential difference when required (15 minutes). An equilibration period of 2 hours was allowed before the experiment began. After four control readings, angiotensins were added to the dermal or serosal side of the experimental membrane. The results of SCC readings are expressed as the means and its standard error (SE) of the ratio of a reading at a given time (SCC,) related to the first reading of the control period (SCC,,).
A double control was achieved, since SCC/SCC 0 at a given period after adding angiotensin was referred to V-101 
Osmotic Water Permeability
Pieces of ventral skin of overnight hydrated toads or frogs were tied (dermal side outward) over the bottom of plastic tubes 7 (surface area, 1.54 cm 2 ) and immersed in aerated amphibian Ringer's solution. The interior of the tube (epidermal side of the skin) was filled with 1 ml of diluted Ringer's solution (1/5), thus providing an osmotic gradient. Osmotic water permeability (Posm) was measured gravimetrically to the nearest 0.1 mg at 20-minute intervals. From each animal, three pieces of skin were obtained, one for control throughout the experiment and the remaining (symmetrical pelvic areas) for testing the angiotensins. After an equilibration period of 1 hour, two control periods were performed before adding the peptides to the dermal side. Results were expressed as means ± SE in mgcm~2-hr"'.
Vascular Reactivity
Vascular reactivity was measured by drop counting the isolated perfused hindlimbs. The preparation was mounted and perfused through the abdominal aorta at a constant pressure (25 cm). The cannulated abdominal vein drained the perfused liquid through a drop transducer and a Gilson polygraph. After 30 minutes, the basal values were registered and the peptide injected (0.1 ml) into the perfusing cannula. The maximal diminution of the number of drops during 1 minute was expressed as a percentage of the previous value. Responses were linear up to 25 ng, thus enabling doseresponse curves to be obtained for each angiotensin from the same animal. Tachyphylaxis appeared with doses higher than 37 ng. Specific pressor activity was calculated from three-point dose-response curves according to the method used by Watanabe et al. 14 in the rat. A dose of the AH to elicit a reduction of 30% in the basal flux was determined for each dose-response curve. Potency ratios on a molar basis were obtained, and the 95% confidence interval is given in parentheses.
Solutions
In all experiments, the Ringer solution used contained (mM): NaCl 90, KCL 3, MgSO 4 
Results

Effects on Short Circuit Current Frog and Toad Skin
SCC is a valid measurement of net sodium and chloride transport in the skin of both the South American frog 15 and the Bufo arenarum. 16 In this species, the high, low, or inverted values of SCC observed would depend on the variable amounts of cation or anion transport. Figure 1 shows the effect of frog-skin All (10~6 M) on SCC in frog skin. There was a significant increase at 15 minutes over the paired control half, which lasted during the entire observation period (2Vi hours). Amiloride (10-4 M) rendered SCC to 0, thus suggesting a dependence of the effect on active sodium transport. This view is supported by the fact that frog-skin AU was also effective in chloride-free Ringer's solution ( fig. 2) . In this series of experiments, pretreatment of frogs with 0.1% NaCl for 10 days improved the response of summer frogs to the peptide.
In experiments performed during the winter season, significant responses to frog-skin AH were obtained at concentrations as low as 10" 7 M. Similar results were obtained in the isolated skin of the Bufo arenarum (10~6 M). In this species the effect lasted for 45 minutes.
Human All had no effect on SCC in experiments performed in the autumn and summer. However, in summer, pretreatment with saline succeeded in producing a response similar to that of frog-skin All (fig. 
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3). Goosefish AH failed to increase SCC in control or saline-treated frogs during the summer, at least at the concentration used (10~6 M).
Toad Bladder
The angiotensins were tested in the isolated toad bladder at concentrations of 10~6 M, without any response. The reactivity of the membranes was checked with arginine-vasotocin (10~7 M) at the end of the experiment (1 hour); the response was of the same magnitude in the experimental (mean increase in /xA.cm' 2 : 21.0 ± 2A,p < 0.001) and in the control half (23.9 ± 5.9, p < 0.01, mean difference 2.9 ± 5.9, NS, n = 7) in experiments with frog-skin All.
Effects on Osmotic Water Permeability
Posm was significantly increased in the isolated skin of winter frogs with 10~7 M concentrations of frogskin All (mean effect, 12.5 ± 3.7mg-cm" 2 -hr"',p < 0.01) and goosefish All (14.2 ± 3.5, p < 0.01) in 11 paired experiments, whereas human All was ineffective in spring frogs (6.1 ± 4.5, n = 16).
In summer frogs, neither goosefish nor human All produced any response in Posm in frog skin, but the preparation was reactive to oxytocin. However, both angiotensins at the same concentration (10~7 M) increased Posm in the isolated skin of the toad significantly ( fig. 4) . The different magnitude of responses among the angiotensins and the neurohypophyseal peptide can be observed in figure 4 .
In a series of six paired experiments in toad skin, arginine-vasotocin (10~8 M) produced an effect of 99.6 ± 21.3 mg-cm~2-hr~', p < 0.01, whereas the response to goosefish All in a 10-fold higher concentration was only 10.6 ± 3.5, p < 0.05.
Vascular Reactivity
Potency ratios (on a molar basis) of the All against frog-skin All were calculated, as indicated in Meth- concentration of oxytocin produced an increase 3.6 times higher in SCC (unpublished results).
If frog-skin AH or similar compounds are present in the South American frog skin in such considerable amounts as in the skin of Crinia georgiana (130-150 pig/g of dried skin), 12 the range of concentrations capable of producing an effect on SCC in the isolated frog skin (10~7 to 10" 6 M) would be within the physiological amounts existing in this tissue.
Dependence of the effects of frog-skin All on active sodium transport is supported by the fact that amiloride blocked the response and the effect could also be obtained with chloride-free Ringer's solution.
Goosefish All (Hypertensin, Ciba, Basle, Switzerland) was reported to increase active sodium transport in the isolated skin of Rana pipiens 9 and natriferic and hidrosmotic effects in the whole toad, isolated toad skin, bladder, and kidney. 10 In Rana pipiens, effects could be obtained with concentrations as low as 4 ng/ ml (3.5. 10-' M).
In the South American frog, the response was significant only at very high concentrations (10~5 M) and lasted less than 30 minutes. 17 At the concentrations used in the present experiments (10~6 M), goosefish All had no effect on SCC in isolated frog skin in the summer, or after conditioning of the animal in a saline media, a procedure that decreases aldosterone secretion, 18 whereas response was successfully attained with human All.
The angiotensins tested were unable to modify SCC or the response to arginine-vasotocin in isolated toad bladder. In earlier experiments, 19 goosefish All had no effect on SCC in the isolated toad bladder of the Bufo marinus. However, the experimental half, which received repeated amounts of the octapeptide, gave an increased response to vasopressin as compared to the untreated half.
Hydrosmotic effects could be achieved with the three angiotensins used, although human All failed to modify Posm in the South American frog. However, it is effective in the Bufo arenarum skin, which has a terrestrial habitat. The physiological significance of the hydrosmotic effects of angiotensins in amphibia is doubtful if compared with the potency of neurohypophyseal peptides. It is interesting to point out that vascular reactivity of the frog hindlimbs was greater for frog-skin All if compared to human All and goosefish All (in a molar basis).
This new angiotensin-like peptide in frog skin opens many questions regarding its role in the evolution of the renin-angiotensin system in lower vertebrates, a field in which great progress has been made in the last years. 20 ' 21 Its probable role as a local regulator of sodium transport in the skin of a lower vertebrate, tissue that has functional similarities to the distal mammalian nephron,' may have a phylogenetic significance. This role may be viewed as the precursor of the postulated intrarenal function of All in a more evolved and complex organ like the mammalian kidney. Evidence of this function of ATI as a local regulatory hormone modifying tubular transport was reported recently. 22 
